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57 ABSTRACT

A display device includes a plurality of pixels arranged in a
matrix. Each of the plurality of pixels includes a transistor and
a pixel electrode arranged above the transistor through a first
protective film and a second protective film. Among the plu-
rality of pixels, the pixel electrodes of two pixels adjacent in
a column direction are connected to corresponding source
electrodes of the two pixels through second and third contact
holes respectively. The second and third contact holes are
formed in the first protective film within a first contact hole
that is formed in the second protective film.

14 Claims, 24 Drawing Sheets
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DISPLAY DEVICE AND METHOD OF
MANUFACTURING DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority from Japanese
Application JP2013-084676 filed on Apr. 15, 2013, the con-
tent of which is hereby incorporated by reference into this
application.

TECHNICAL FIELD

The present invention relates to a display device and a
method of manufacturing a display device.

BACKGROUND

For example, as shown in the Japanese Patent Application
Publication No. H09-230380, a display device is known that
includes an organic protective film which is formed to cover
aTFT, a gate wiring and a source wiring and a pixel electrode
which is formed on the organic protective film. In the display
device described above, a contact hole is provided in the
organic protective film, and a source electrode and the pixel
electrode of the TFT are electrically connected through the
contact hole.

SUMMARY

Here, the organic protective film is formed of, for example,
photosensitive resist material, and is formed to be thicker than
other insulting films. The organic protective film is generally
opened by development processing in an exposure step, and it
is formed to be thicker as described above. Thus, it is impos-
sible to open the organic protective film with a small pattern
dimension. Accordingly, the diameter of the contact hole
provided in the organic protective film is increased as com-
pared with a contact hole provided in an inorganic insulting
film.

Hence, one or more embodiments of the present applica-
tion has an object to provide a display device including a
plurality of contact holes within a contact hole of a larger
diameter so as to enhance an aperture ratio of a pixel, and a
method of manufacturing such a display device.

In one general aspect, the instant application describes a
display device that includes a plurality of pixels arranged in a
matrix, each of the plurality of pixels including: a transistor;
and a pixel electrode arranged above the transistor through a
first protective film and a second protective film. Among the
plurality of pixels, the pixel electrodes of two pixels adjacent
in a column direction are connected to corresponding source
electrodes of the two pixels through second and third contact
holes respectively. The second and third contact holes are
formed in the first protective film within a first contact hole
that is formed in the second protective film. The above general
aspect may include one or more of the following features. The
first protective film may be an inorganic insulting film, and
the second protective film may be an organic insulting film.

The display device may further include a plurality of gate
wirings arranged in a row direction of the plurality of pixels;
and a plurality of data wirings arranged in adjacent pairings in
the column direction, with each set of adjacent pairings
spaced further apart than a distance between the gate wirings
of a given pairing.

Among the plurality of pixels, the transistors adjacent in
the column direction may be staggered in the row direction.
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2

In another general aspect, the display device of the instant
application includes a transistor; a common electrode
arranged above the transistor through a first protective film
and a second protective film; a pixel electrode stacked on the
common electrode through an insulting film and being oppo-
site to the common electrode; and a common electrode wiring
connected to the common electrode through the first protec-
tive film and the second protective film. The pixel electrode
and the common electrode are connected to a source electrode
of the transistor and the common electrode wiring through
second and third contact holes respectively. The second and
third contact holes are formed in the first protective film and
are positioned within a first contact hole that is formed in the
second protective film.

The above another general aspect may include one or more
of the following features. The first protective film may be an
inorganic insulting film, and the second protective film may
be an organic insulting film.

The common electrode wiring may be formed in the same
layer as a gate electrode of the transistor.

The display device may further include a gate insulting film
formed on the gate electrode and the common electrode. The
second contact hole may be formed in the first protective film
and the gate insulting film. The common electrode may be
connected to the common electrode wiring through the sec-
ond contact hole.

The third contact hole may be formed in the first protective
film and the insulting film. The pixel electrode may be con-
nected to the source electrode of the transistor through the
third contact hole.

In another general aspect, a method of manufacturing a
display device of the instant application includes: forming a
gate wiring on a substrate; forming a gate insulting film on the
substrate on which the gate wiring is formed; forming at least
two adjacent transistors on the gate insulting film; forming a
protective film and an organic protective film in this order on
the gate insulting film on which the two transistors are
formed; forming a first contact hole in the organic protective
film; forming a common electrode on the organic protective
film; forming an upper insulting film on a region in which the
first contact hole is formed and the common electrode; form-
ing second and third contact holes in the protective film and
the upper insulting film within the first contact hole, which are
positioned above source electrodes of the two transistors; and
forming a pixel electrode on the upper insulting film config-
ured to cover the second and third contact holes and to be
opposed to the common electrode.

In another general aspect, a method of manufacturing a
display device of the instant application includes: forming a
gate wiring and a common electrode wiring on a substrate;
forming a gate insulting film on the substrate on which the
gate wiring is formed; forming a transistor on the gate insult-
ing film; forming a protective film and an organic protective
film in this order on the gate insulting film on which the
transistor is formed; forming a first contact hole by removing
an upper portion of the organic protective film; forming a
second contact hole in the protective film and the gate insult-
ing film, which is positioned above the common electrode
wiring within a region in which the first contact hole is
formed; forming a common electrode on the second contact
hole and the organic protective film; forming an upper insult-
ing film at the region in which the first contact hole is formed
and above the common electrode; forming a third contacthole
in the upper insulting film and the protective film, which is
formed above a source electrode of the transistor positioned
within the region in which the first contact hole is formed; and
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forming a pixel electrode on the upper insulting film config-
ured to cover the third contact hole and to be directed to the
common electrode.

The above another general aspect may include one or more
of'the following features. The first contact hole and the second
contact hole may be formed by a halftone exposure in the
same step.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram schematically illustrating a display
device according to a first embodiment of the present appli-
cation.

FIG. 2 shows an example of a plan view of a plurality of
pixels shown in FIG. 1.

FIG. 3 is an enlarged view of one pixel shown in FIG. 2.

FIG. 4 shows an example of a cross-sectional view taken
along line IV-IV of FIG. 3.

FIG. 5 shows an example of a cross-sectional view taken
along line V-V of FIG. 2.

FIG. 6 shows an example of a cross-sectional view taken
along line VI-VI of FIG. 2.

FIG. 7A is a diagram for illustrating a method of manufac-
turing a display device according to a first embodiment of the
present application.

FIG. 7B is a diagram for illustrating a method of manufac-
turing a display device according to a first embodiment of the
present application.

FIG. 8A is a diagram for illustrating a method of manufac-
turing a display device according to a first embodiment of the
present application.

FIG. 8B is a diagram for illustrating a method of manufac-
turing a display device according to a first embodiment of the
present application.

FIG. 9A is a diagram for illustrating a method of manufac-
turing a display device according to a first embodiment of the
present application.

FIG. 9B is a diagram for illustrating a method of manufac-
turing a display device according to a first embodiment of the
present application.

FIG. 10A is a diagram for illustrating a method of manu-
facturing a display device according to a first embodiment of
the present application.

FIG. 10B is a diagram for illustrating a method of manu-
facturing a display device according to a first embodiment of
the present application.

FIG. 11A is a diagram for illustrating a method of manu-
facturing a display device according to a first embodiment of
the present application.

FIG. 11B is a diagram for illustrating a method of manu-
facturing a display device according to a first embodiment of
the present application.

FIG. 12A is a diagram for illustrating a method of manu-
facturing a display device according to a first embodiment of
the present application.

FIG. 12B is a diagram for illustrating a method of manu-
facturing a display device according to a first embodiment of
the present application.

FIG. 13A is a diagram for illustrating a method of manu-
facturing a display device according to a first embodiment of
the present application.

FIG. 13B is a diagram for illustrating a method of manu-
facturing a display device according to a first embodiment of
the present application.

FIG. 14 is a diagram for illustrating a display device
according to a second embodiment of the present application.
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FIG. 15 is a plan view of a region of one pixel in FIG. 14
and a region including adjacent pixels.

FIG. 16 is a diagram showing an example of a cross-
sectional view taken along line XVI-XVI of FIG. 15.

FIG. 17A is a diagram for illustrating a method of manu-
facturing a display device according to a second embodiment
of the present application.

FIG. 17B is a diagram for illustrating a method of manu-
facturing a display device according to a second embodiment
of the present application.

FIG. 18A is a diagram for illustrating a method of manu-
facturing a display device according to a second embodiment
of the present application.

FIG. 18B is a diagram for illustrating a method of manu-
facturing a display device according to a second embodiment
of the present application.

FIG. 19A is a diagram for illustrating a method of manu-
facturing a display device according to a second embodiment
of the present application.

FIG. 19B is a diagram for illustrating a method of manu-
facturing a display device according to a second embodiment
of the present application.

FIG. 20A is a diagram for illustrating a method of manu-
facturing a display device according to a second embodiment
of the present application.

FIG. 20B is a diagram for illustrating a method of manu-
facturing a display device according to a second embodiment
of the present application.

FIG. 21A is a diagram for illustrating a method of manu-
facturing a display device according to a second embodiment
of the present application.

FIG. 21B is a diagram for illustrating a method of manu-
facturing a display device according to a second embodiment
of the present application.

FIG. 22A is a diagram for illustrating a method of manu-
facturing a display device according to a second embodiment
of the present application.

FIG. 22B is a diagram for illustrating a method of manu-
facturing a display device according to a second embodiment
of the present application.

FIG. 23A is a diagram for illustrating a method of manu-
facturing a display device according to a second embodiment
of the present application.

FIG. 23B is a diagram for illustrating a method of manu-
facturing a display device according to a second embodiment
of the present application.

FIG. 24A is a diagram for illustrating a method of manu-
facturing a display device according to a second embodiment
of the present application.

FIG. 24B is a diagram for illustrating a method of manu-
facturing a display device according to a second embodiment
of the present application.

DETAILED DESCRIPTION

Embodiments of the present application will be described
below with reference to drawings. In the drawings, the same
or similar elements are identified with same symbols, and
their description will not be repeated.

[First Embodiment]

FIG. 1 is a diagram schematically illustrating a display
device according to a first embodiment of the present appli-
cation. As shown in FIG. 1, the display device LCD includes
a gate wiring drive circuit 101, a data wiring drive circuit 102,
a common electrode drive circuit 103 and a pixel region DIA.

A gate voltage is supplied from the gate wiring drive circuit
101 through gate wirings G1, G2, . . . and Gn and a video data
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voltage is supplied from the data wiring drive circuit 102
through data wirings D1, D2, . . . and Dm to the pixel region
DIA as an active matrix display. Then, a thin film transistor
TFT is turned on and off to feed a data voltage to a pixel
electrode. Then, by an electric field between a common volt-
age supplied from the common electrode drive circuit 103 and
the data voltage, a liquid crystal layer LC is driven.

In order to prevent a voltage drop in the liquid crystal layer
LC, a retention capacity STG is formed in each pixel region.
The supply of the common voltage is transmitted to a com-
mon electrode wring MSL connected to the common elec-
trode drive circuit 103, and is propagated to the pixel region
DIA with a transparent common electrode CT.

When a color display is performed, it is realized by apply-
ing the desired data voltage to the data wirings D1 (R), D2 (G)
and D3 (B) connected to the pixels of red (R), green (G) and
blue (B), which are formed with a vertical striped color filter.

In the present embodiment, in the pixel arrangement of the
active matrix, two gate wirings for vertically placed two pix-
els are arranged parallel to each other, and one common
electrode wring MSL is shared by the vertically placed two
pixels. With respect to the video data, in an odd-numbered
row, the data voltage is supplied from the data wiring on the
left side of the pixels, and in an even-numbered row, the data
voltage is supplied from the data wiring on the right side of the
pixels, and the pixels are arranged zigzag.

As described above, the two gate wirings are arranged side
by side, and the common electrode wring MSL is shared by
the vertically placed two pixels, and thus the aperture ratio is
enhanced as compared with a case where the common elec-
trode wring MSL is arranged individually.

When for a one-screen selection period, the data voltage,
which is positive with respect to the common voltage, is
applied to the data wiring D1, and, the data voltage, which is
negative, is applied to the data wiring D2, since the relation-
ship between the thin film transistor TFTs and the data wir-
ings DL is in a zigzag arrangement, the polarity of the pixel
electrodes in one column is alternated between positive and
negative on an individual row basis. In this way, for the
one-screen selection period, the voltage per data wiring has
the same polarity, and thus it is possible to perform a driving
method in which the variation in data and power consumption
are low. Within the screen, positive and negative pixel poten-
tials are dispersed, and thus it is possible to display with a
satisfactory image quality and to reduce flicker. The configu-
ration of the display device described above is one example,
and the present embodiment is not limited to this configura-
tion.

FIG. 2 shows an example of a plan view of a plurality of
pixels shown in FIG. 1. FIG. 2 specifically shows an example
of'a plan view in which three pixels in the horizontal direction
and four pixels in the vertical direction, that is, 12 pixels are
extracted from the display device shown in FIG. 1. FIG. 3 is
an enlarged view of one pixel shown in FIG. 2, and FIG. 4
shows an example of a cross-sectional view taken along line
IV-IV of FIG. 3. FIG. 5 shows an example of a cross-sectional
view taken along line V-V of FIG. 2, and FIG. 6 shows an
example of a cross-sectional view taken along line VI-V1 of
FIG. 2.

The gate wiring GL is a wiring that supplies the gate
voltage to the thin film transistor TFT, and the data wiring DL,
is a wiring that supplies a video voltage to the thin film
transistor TFT. The common electrode wiring MSL supplies
a common potential to the transparent common electrode CT.

In two of a plurality of pixels shown in FIG. 2, a black
matrix BM formed with a first substrate SUB1 is shown as an
example. The data wiring DL, the gate wiring GL and the thin
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film transistor TFT are blocked by the black matrix BM
having a light shielding effect from the upper surface. The
black matrix BM has an aperture portion in its center. Thus,
the size (aperture ratio) of the aperture portion in one pixel is
increased, and it is possible to realize the display device that
is bright and has low power consumption.

In the present embodiment, as shown in FIG. 2, vertically
placed two pixels share one common electrode wiring MSL..
In the boundary between the vertically placed two pixels, only
the common electrode wiring MSL is disposed, the black
matrix BM is not arranged, and the common electrode wiring
MSL itself shields light. Hence, the variation of the aperture
ratio based on placing the upper substrate on the lower sub-
strate is reduced, so that the aperture ratio of each pixel is
enhanced.

FIG. 3 is an enlarged view of vertically adjacent two pixels
sandwiching two gate wirings GL in FIG. 2.

The gate wiring GL is formed with a low-resistant metal
layer, and is connected to the gate wiring drive circuit 101
shown in FIG. 1. On the other hand, the data wiring DL is also
formed with a low-resistant metal layer, and a data voltage for
video is applied.

When a gate-on voltage is supplied to the gate wiring GL,,
the resistance of the semiconductor layer SEM of the thin film
transistor is lowered. Thus, the voltage of the data wiring DL,
is transmitted to a source electrode SM formed with a low-
resistant metal layer, and is transmitted to a transparent pixel
electrode PIT connected to the source electrode SM. Here, the
transparent pixel electrode PIT is formed with a first trans-
parent electrode material ITO1.

The common voltage that is another voltage applied to the
liquid crystal layer LC is applied from the common electrode
drive circuit 103 of FIG. 1 through the common electrode
wiring MSL to the transparent common electrode CT. The
transparent common electrode CT is formed with a second
transparent electrode material ITO2. The transparent pixel
electrode PIT and the transparent common electrode CT are
stacked in layers through an insulting film. Furthermore, in
the transparent pixel electrode PIT within the display region
of'one pixel, a slit is formed. In the slit, the electric field of the
transparent pixel electrode PIT is applied from the upper
surface for the liquid crystal driving to the liquid crystal layer
LC, and this electric field reaches the transparent common
electrode CT to produce a display.

The source electrode SM is connected to the transparent
pixel electrode PIT through a pixel electrode contact hole
CONT formed at a protective film PAS. For each of the
transparent pixel electrodes PIT of the vertically placed two
pixels, the pixel electrode contact hole CONT is formed. On
the other hand, on the outside of the two pixel electrode
contact holes CONT, an organic film contact hole OCONT of
an organic protective film OPAS is formed. The positions and
the like of the organic film contact hole OCONT and the pixel
electrode contact hole CONT will be described in detail later.

As described above, one organic film contact hole OCONT
is shared by two pixels. By this sharing, it is possible to
increase the aperture ratio of the pixel and thereby supply the
display device LCD that is bright and has low power con-
sumption.

The organic film contact hole OCONT is an aperture por-
tion outline that is formed at the organic protective film
OPAS. The organic protective film OPAS is formed of, for
example, a photosensitive resist material. Its thickness at the
time of application is, for example, 3 um, and it is formed to
be thick as compared with other insulting films and the like.
Although the organic protective film OPAS is opened by
development processing in an exposure step, since its thick-



US 9,099,357 B2

7

ness is great, it is difficult to open it with a small pattern
dimension. Hence, when the organic film contact hole is
formed in each pixel, the aperture ratio of the pixel is reduced.

Hence, in the present embodiment, the source electrodes
SM ofadjacent pixels are arranged adjacently, and the organic
film contact hole OCONT is formed to surround them. Thus,
it is possible to improve the aperture ratio and provide the
display device LCD that is bright and has low power con-
sumption. As described above, the two gate wirings GL are
arranged side by side, and the pixel arrangement of the stag-
gered arrangement is formed in which the column of the thin
film transistors TFTs where the data voltage is supplied from
the data wiring DL on the left side and the column of the thin
film transistors TFTs where the data voltage is supplied from
the data wiring DL on the right side are alternated on an
individual row basis, so that it is possible to arrange two
source electrodes SM laterally and in a compact manner. In
this way, it is possible to reduce the side of the organic film
contact hole OCONT itself.

An example of the configuration of the cross-section of the
display device according to the present embodiment will now
be described. FIG. 4 is a diagram showing an example of a
cross-sectional view taken along line IV-IV of FIG. 3. The
cross-sectional configuration is the structure of a route in
which, when for the semiconductor layers SEM of the two
pixels, a data potential is supplied from the data wiring DL
and an on-voltage is applied to the gate wiring GL, the resis-
tance of the semiconductor layers SEM is lowered, and this is
transmitted from the source electrode SM to the transparent
pixel electrode PIT and is accumulated in the retention capac-
ity STG and the capacity of the liquid crystal layer LC.

As shown in FIG. 4, two pixel electrode contact holes
CONT for connection from the two source electrodes SM of
adjacent two thin film transistors TFTs to the transparent
pixel electrode PIT are formed within the organic film contact
hole OCONT formed at the outside thereof. The pixel elec-
trode contact hole CONT is formed on a stacked layer of an
upper layer insulting film UINS formed with, for example, a
silicon nitride and the protective film PAS. As compared with
the organic film contact hole OCONT formed at the organic
protective film OPAS, the pixel electrode contact hole CONT
can be processed to be narrow and have small dimensions.

On the other hand, the organic film contact hole OCONT is
formed at the organic protective film OPAS of the thick pho-
tosensitive resist. As described above, since the organic film
contact hole OCONT cannot be processed so as to have small
dimensions, the organic film contact hole OCONT is formed
into one so as to surround the two small pixel electrode
contact holes CONT. Thus, it is possible to enhance the aper-
ture ratio.

Here, the liquid crystal layer LC is sandwiched between the
first substrate SUB1 and a second substrate SUB2 that are two
transparent substrates. The liquid crystal layer LC is filled
with a positive liquid crystal in which the longitudinal axes of
liquid crystal molecules are aligned along the direction of an
electric field. The thickness of the liquid crystal layer LC is,
for example, 3 to 4 um.

The first substrate SUB1 and the second substrate SUB2
are formed of, for example, glass. Although the thickness of
the first substrate SUB1 and the second substrate SUB2 is, for
example, 0.4 to 0.7 mm in a manufacturing process, they are
finally chemically polished after the formation of the first and
second transparent substrates in which the liquid crystal layer
LC is sealed, and the thickness may be so thin as to be, for
example, about 0.2 mm. As the material of the first substrate
SUB1 and the second substrate SUB2, plastic or the like may
be used instead of glass.
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A first polarization plate POL and a second polarization
plate POL are adhered to the outside of the first substrate
SUB1 and the second substrate SUB2. Hence, light from a
backlight outside the second polarization plate POL is polar-
ized, the light is thereafter passed through the liquid crystal
and the light is formed into oval polarized light by the optical
birefringence effect of the liquid crystal layer L.C. Thereafter,
when the light passes through the first polarization plate POL
on the outside of the first substrate SUBI, the light passes
through it as linear polarized light.

In the present embodiment, for example, the first polariza-
tion plate POL and the second polarization plate POL are
adhered such that their polarizing axes are perpendicular to
each other (so-called cross Nikos). Hence, when the liquid
crystal is not in an electric field, even if the light of the
backlight passes through the liquid crystal layer LC, the first
polarization plate POL interrupts the light, and thus it is
possible to produce a black display. When a voltage is mainly
applied between the transparent pixel electrode PIT and the
transparent common electrode CT to apply an electric field to
the liquid crystal layer L.C, the liquid crystal layer LC con-
verts the light into oval polarized light by a birefringence
operation, and thus it is possible to change its transmittance
according to its drive voltage, with result that it is possible to
produce a white display with a gray-scale display.

On both sides of the liquid crystal layer, a first alignment
film ALl and a second alignment film AL that can fix the liquid
crystal molecules thereto are formed. The alignment film AL
is mainly formed of, for example, polyimide. As a method of
aligning the liquid crystal molecules on the surfaces, for
example, a method of performing rubbing or applying polar-
ized ultraviolet rays is preferably used.

A color display is realized by passing light through a color
filter CF in which a pigment formed on the first substrate
SUBI is used as a coloring layer. Since the pigment melts into
the liquid crystal to become a contaminating source, its sur-
face is coated with an overcoat film OC that is an organic
material. The overcoat film OC also has the effect of making
the surface flat.

Depending on the type of semiconductor layer SEM, when
external light directly illuminates the semiconductor layer
SEM, the resistance of the semiconductor layer SEM is low-
ered, and thus the retaining property of the display device is
lowered, with the result that a satisfactory image display may
not be realized. Hence, the black matrix BM is formed on the
upper surface of the semiconductor layer SEM of the first
substrate SUB1.

The black matrix BM is also arranged in the boundary
between the pixels of the color filter CF, and has the effect of
preventing the mixing of colors caused by the oblique view-
ing of the light of adjacent pixels and of displaying an image
without being smeared.

However, when the width of the black matrix BM is exces-
sively increased, the aperture ratio and the transmittance are
reduced. Hence, in order for a high-definition display device
to be bright and to have low power consumption, it is neces-
sary to achieve such a minimum width that the mixing of
colors caused by oblique viewing is prevented. The black
matrix BM is formed of, for example, a resin material or a
metallic material using a black pigment.

As described with reference to FIG. 3, within one pixel, the
drive voltage is applied to the transparent pixel electrode PIT
in a case where the liquid crystal layer L.C is regarded as a
capacitor. The on-voltage is first applied the gate wiring GL.
formed with a metal layer. The gate wiring GL is formed of,
for example, a metallic material having, as a main component,
aluminum Al, molybdenum Mo, titanium Ti or copper Cu, a
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plurality of stacked layers described above, an ally in which
tungsten W, magnesium Mn or the like is added to the metallic
material described above or a stacked metal layer formed by
a combination of those described above. Its thickness is, for
example, 100 to 300 nm.

On the upper portion of the gate wiring GL, a gate insulting
film GSN is formed. As the gate insulting film GSN, for
example, a silicon nitride formed with a plasma chemical
vapor deposition method (CVD) is used. The gate insulting
film GSN may be formed of silicon dioxide SiO, or alumina
Al,O;.

On the gate wiring GL, the semiconductor layer SEM is
processed into the shape of an island and is arranged. As the
semiconductor layer material, for example, a combination of
a silicon nitride and amorphous silicon a-Si, a combination of
silicon dioxide and an oxide semiconductor or a low-tempera-
ture poly-silicon LIPS is used. For example, as the oxide
semiconductor, an oxide of indium-gallium-zinc or the like is
used.

At the end portions of the semiconductor layer SEM, the
data wiring DL and the source electrode SM are formed. As
the data wiring DL and the source electrode SM, for example,
as described later, a low-resistant metallic material formed in
the same step is used. As the metallic material, for example, a
metallic material having, as a main component, aluminum Al,
molybdenum Mo, titanium Ti or copper Cu, a plurality of
stacked layers described above, an ally in which tungsten W,
magnesium Mn or the like is added to the metallic material
described above or a stacked metal layer formed by a combi-
nation of those described above is used.

The transparent pixel electrode PIT is connected onto the
source electrode SM. The transparent pixel electrode PIT has
a plurality of aperture portions (slits) within, for example,
one-pixel region divided by the gate wirings GL. and the data
wirings DL arranged in a matrix. With respect to the supply of
the data voltage to the transparent pixel electrode PIT, when
the on-voltage is applied to the gate wiring GL,, the resistance
of the semiconductor layer SEM is lowered, and the data
voltage is transmitted from the data wiring DL through the
source electrode SM to the transparent pixel electrode PIT.
Then, the voltage described above is charged in the capacity
of the transparent pixel electrode PIT and the transparent
common electrode CT.

On the data wiring DL and the source electrode SM, the
protective insulating film PAS is formed. As the protective
insulting film PAS, for example, a silicon nitride or silicon
dioxide is used. Its thickness is, for example, 200 to 400 nm.

The protective film PAS is coated with the organic protec-
tive film OPAS. In the organic protective film OPAS
described above, the organic film contact hole OCONT is
formed. As the organic protective film OPAS described
above, for example, a photosensitive resist having a thickness
of'3 pum is used. Its material is, for example, acrylic. Since the
organic protective film OPAS itself is photosensitive, the
organic film contact hole OCONT can be opened and pro-
cessed by exposure and development processing in the expo-
sure step using a photo mask. Since the organic film contact
hole OCONT is about 10 times as thick as the protective film
PAS of a silicon nitride, and its exposure sensitivity is lower
than that of a normal photo resist, it is impossible to form a
small aperture portion. Hence, in the present embodiment,
two pixel electrode contact holes CONT in two pixels are
arranged, and the organic film contact hole OCONT is pro-
vided on the outside thereof, and thus the aperture ratio is
enhanced.

On the organic protective film OPAS, the transparent com-
mon electrode CT is formed. The transparent common elec-
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trode CT is formed with, for example, the material of an
indium-tin-oxide or an indium-zinc-oxide. On the transparent
common electrode CT, for example, the upper portion insult-
ing film UINS formed of silicon nitride or silicon dioxide is
formed. As with the transparent common electrode CT, the
transparent pixel electrode PIT is formed of transparent elec-
trode material such as an indium-tin-oxide, and is connected
to the source electrode SM through the pixel electrode contact
hole CONT formed at the upper portion insulting film UINS.

FIG. 5 is a diagram showing an example of a cross-sec-
tional view taken along line V-V of FIG. 3. Specifically, FI1G.
5 shows a cross-sectional view of a pixel sandwiched between
two data wirings DL, and also shows a cross-sectional view of
the adjacent pixel.

The pixel located in the center of FIG. 5 corresponds to the
color filter CF (G) of green G in the vertically striped color
filter CF arrangement. The left and right thereof correspond to
the color filter CF (R) of red and the color filter CF (B) of blue.

Inthe boundary between the pixels in which the data wiring
DL exists, the black matrix BM is formed on the inner surface
of the first substrate SUB1, sandwiching the liquid crystal
layer L.C. The data wiring DL and the black matrix BM
described above prevent the mixing of colors caused by view-
ing the light of the backlight of the adjacent pixel by trans-
mission when the pixel divided by the color filter CF is
obliquely viewed.

Although not shown in the figure, the light of the backlight
is applied to the second substrate from the outside of the
polarization plate adhered to the outside of the second sub-
strate SUB2. However, when the width of the data wiring DL
and the black matrix BM is increased, the aperture ratio and
the transmittance are lowered, with the result that disadvan-
tageously, the display device is dimmed or the power con-
sumption is increased. In particular, since in a high-definition
display device, such a problem is remarkable, a display
device is desired in which the black matrix BM and the data
wiring DL are decreased in width and in which a display
failure is unlikely to occur.

As shown in FIG. 5, division into two regions, that is, a
boundary region of the pixels of the black matrix BM or the
data wiring DL which does not pass through light and an
aperture region which passes through light is performed. The
structure and the operation of the aperture region will first be
described.

In the aperture region, the video data voltage and the com-
mon voltage are applied between the transparent pixel elec-
trode PIT and the transparent common electrode CT, an elec-
tric field between these electrodes is applied to the liquid
crystal layer LC and the oval polarization intensity of the
liquid crystal layer L.C is changed by its electric field intensity
to control the transmittance, with the result that a gray-scale
display is produced. On the transparent second substrate
SUB2, the transparent pixel electrode PIT and the transparent
common electrode CT are formed, and the electric field
applied between these two electrodes is propagated and thus
the liquid crystal molecules LCM are rotated horizontally to
perform gray-scale control, with the result that the display
device of so-called in-plane switching (IPS) is achieved. A
setting is performed such that when the maximum voltage is
applied between the two electrodes, the transmittance of the
display device is maximized. When the potential difference
between the transparent pixel electrode PIT and the transpar-
ent common electrode CT is decreased, the transmittance is
lowered, with the result that a black display is produced. The
transmittance is increased such that the potential difference is
maximized, and thus a white display is produced. The maxi-
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mum transmittance when the maximum voltage is applied
may be simply expressed as the transmittance.

The liquid crystal layer L.C is filled with, for example, the
liquid crystal molecules LCM of organic material. On the
surfaces of the alignment film. AL1 formed on the inner
surface of the first substrate SUB1 and the alignment film
AL2 formed on the inner surface of the second substrate
SUB2, the longitudinal axes of the liquid crystal molecules
LCM are fixed by alignment processing. Electric lines of
force by such an electric field as to be returned through the
upper insulting film UINS to the liquid crystal layer LC when
the voltage between the two electrodes, that is, the transparent
pixel electrode PIT and the transparent common electrode CT
is increased are formed from the aperture portion.

FIG. 6 is a diagram showing an example of a cross-sec-
tional view taken along line VI-V1 of FIG. 3. In the electric
field extending from the transparent pixel electrode PIT to the
transparent common electrode CT through the liquid crystal
layer LC and the upper insulting film UINS, the common
electrode wiring MSL is arranged in the center of the adjacent
pixels for driving the liquid crystal layer LC.

The common electrode wiring MSL uses the low-resistant
wiring material to reduce a wiring delay in the transparent
common electrode CT. Hence, the common electrode wiring
MSL is connected to the transparent common electrode CT.

The common electrode wiring MSL is formed of, for
example, a metallic material having, as a main component,
aluminum Al, molybdenum Mo, titanium Ti or copper Cu, a
plurality of stacked layers described above, an ally in which
tungsten W, magnesium Mn or the like is added to the metallic
material described above or a stacked metal layer formed by
a combination of those described above. Its thickness is, for
example, 50 to 200 nm.

The common electrode wiring MSL is arranged so as to be
directly connected onto the transparent common electrode in
which the organic protective film OPAS is coated, over a
plurality of pixels, with the data wiring DL and the gate
wiring GL. Furthermore, between vertically placed pixels, its
arrangement is shared by one region. Thus, as compared with
a method in which the common electrode wiring MSL is
arranged per pixel, since the arrangement can be performed
without the wiring width being changed, it is possible to
enhance the aperture ratio. Since the common electrode wir-
ing MSL is formed of opaque material, it is possible to divide
the boundary between the pixels without arranging the black
matrix BM on the first substrate SUB1. Since in general, the
accuracy of locating the first substrate SUB1 and the second
substrate SUB2 vertically placed is low, when the black
matrix BM is not necessary, the aperture ratio can be
improved.

A method of manufacturing the display device according to
the present embodiment will now be described. FIGS. 7t0 13
are diagrams for illustrating the method of manufacturing the
display device according to the present embodiment. FIGS.
7A 1o 13 A correspond to the steps of the plan view of FIG. 3,
and FIGS. 7B to 13B show the corresponding cross-sectional
views of FIGS. 7A to 13A.

FIG. 7A shows a plan view of the vertically adjacent two
pixels of FIG. 3 after the completion of the first photo-step of
the thin film transistor TFT. FIG. 7B shows a cross-sectional
view taken along line VII-V11 of FIG. 7A. The adjacent gate
wirings GL are formed into a film by sputtering on the first
substrate, and are patterned in the first photo-step. The gate
wiring GL is a stacked film in which, for example, molybde-
num Mo is formed into a film on the copper of 100 nm to 300
nm. As the wiring material, for example, not only copper Cu
but also a stacked film of molybdenum Mo and aluminum Al,
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a stacked film of titanium Ti and aluminum Al an alloy MoW
of molybdenum Mo and tungsten W and the like can be used.

FIGS. 8A and 8B show a plan view and a cross-sectional
view when a second photo-step is completed. As shown in
FIGS. 8A and 8B, for example, on the gate wiring GL, the
gate insulting film GSN of silicon nitride and the semicon-
ductor layer SEM of amorphous silicon are stacked in layers
by CVD. The thickness of the gate insulting film GSN and the
semiconductor layer SEM are, for example, about 400 nm and
200 nm, respectively. Then, a photoresist is formed from the
upper portion of the CVD film described above, exposure is
performed with a photo mask and thus the region of the
semiconductor layer SEM is formed.

FIGS. 9A and 9B show a plan view and a cross-sectional
view when a third photo-step is completed. As shown in
FIGS. 9A and 9B, for example, on the upper portion of the
semiconductor layer SEM, a stacked film of molybdenum Mo
and copper Cu is formed by sputtering into a film. As the
material of the stacked film, for example, as with the material
of'the gate wiring GL,, a three-layer film of molybdenum Mo,
aluminum Al and molybdenum Mo, a stacked film of titanium
Ti and aluminum Al, an MoW alloy or the like can be used.
Then, this is processed by the photo-step, and thus the regions
of the data wiring DL and the source electrode SM are
formed.

FIGS. 10A and 10B show a plan view and a cross-sectional
view when a fourth photo-step is completed. As shown in
FIGS. 10A and 10B, on the data wiring DL and the source
electrode SM, the protective film. PAS is formed by CVD, and
then the organic protective film OPAS of photosensitive
acrylic is coated. The protective film PAS is formed of, for
example, silicon nitride, and its thickness is, for example, 200
to 400 nm. Since the material of the photosensitive acrylic
itself can be used as the photoresist in the photo-step, the
aperture portion is formed on the source electrode SM with a
photo mask by development processing.

The thickness of the organic protective film OPAS is, for
example, 3000 nm (3 um), and the organic protective film
OPAS is thicker than the protective film PAS. This is because
the organic protective film OPAS is a coated film. However,
since the relative permittivity of the organic protective film
OPAS is so low as to be 2 to 4, even when the organic
protective film OPAS is formed on the data wiring DL, and the
transparent common electrode CT is further formed on its
upper portion over the entire surface of a plurality of pixel
regions, it is possible to reduce the wiring capacity of the data
wiring DL, to realize satisfactory image quality with little
wiring delay and to reduce the power consumption for the
drive. However, since the exposure sensitivity is lower than
that of a normal photoresist, the pattern dimension of the
aperture portion is increased, with the result that conversely,
the aperture ratio is likely to be reduced. In the present
embodiment, as described above, the organic film contact
hole OCONT of the organic protective film OPAS is formed
s0 as to surround the pixel electrode contact holes CONT of
the thin film transistors TFTs over a plurality of pixel regions,
and thus the aperture ratio is enhanced.

FIGS. 11A and 11B show a plan view and a cross-sectional
view when a fifth photo-step is completed. As shown in FIGS.
11A and 11B, for example, a third transparent electrode mate-
rial of indium-tin-oxide, which is a transparent electrode
material, is formed into a film, and the transparent common
electrode CT is formed on the organic protective film OPAS
through a photo-etching step.

FIGS. 12A and 12B show a plan view and a cross-sectional
view when a sixth photo-step is completed. As shown in
FIGS. 12A and 12B, for example, the upper insulting film
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UINS is formed on the transparent common electrode CT by
CVD. Then, the pixel electrode contact hole CONT, which is
the aperture portion, is formed. The pixel electrode contact
hole CONT is formed through the photo-step and a dry-
etching step on the insulating film in which the protective film
PAS and the upper insulting film UINS on the source elec-
trode SM of the vertically placed pixels are stacked in layers.

FIGS. 13A and 13B show a plan view and a cross-sectional
view when a seventh photo-step is completed. As shown in
FIGS. 13A and 13B, an indium-tin-oxide ITO1 that is the
material of the transparent pixel electrode PIT is formed into
a film, and then, the transparent pixel electrode PIT is formed
by photo-etching.

The pixel electrode contact hole CONT that connects the
transparent pixel electrode PIT and the source electrode SM is
formed within the organic film contact hole OCONT of the
organic protective film OPAS. A plurality of pixel electrode
contact holes CONT are formed within the organic film con-
tact hole OCONT, and thus the aperture ratio is enhanced.

As described above, it is possible to form the display device
of'the present embodiment. In the above description, only the
steps of manufacturing the so-called TFT substrate (the sec-
ond substrate SUB2) are discussed, and since the steps of
manufacturing the color filter substrate (the first substrate
SUB1) and the like are known, their description are omitted.

The present invention is not limited to the embodiment
described above, and may be replaced with the substantially
same configuration as that described in the embodiment, a
configuration having the same effect of operation or a con-
figuration that can achieve the same object.

[Second Embodiment]

FIG. 14 is a diagram for illustrating a display device
according to a second embodiment of the present application.
As shown in FIG. 14, as in the first embodiment described
above, the display device LCD includes the gate wiring drive
circuit 101, the data wiring drive circuit 102, the common
electrode drive circuit 103 and the pixel region DIA. The
present embodiment mainly differs from the first embodi-
ment in that the gate wirings are not arranged adjacently every
two gate wirings, and that the common electrode wiring MSL
is not shared.

As in the first embodiment, a scanning voltage is supplied
from scanning (gate) wirings G1, G2, . . . and Gn and a video
data voltage is supplied from data wirings D1, D2, . .. and Dn
to the pixel region DIA. Then, the thin film transistor TFT is
turned on and off to feed the data voltage to the liquid crystal
layer L.C, and an electric field between this and the common
voltage drives the liquid crystal layer L.C. In order to prevent
a voltage drop in the liquid crystal layer L.C, the retention
capacity STG is formed in each pixel region. The supply of
the common voltage is propagated to the screen region of the
common electrode wiring MSL and the transparent common
electrode CT connected thereto.

FIG. 15 is a plan view of a region of one pixel surrounded
by the thin film transistor TFT, the gate wiring GL and the data
wiring DL in FIG. 14 and a region including adjacent pixels
therearound.

As in the first embodiment, the gate wiring GL is formed
with a low-resistant metal layer. The gate wiring GL is con-
nected to the gate wiring drive circuit 101 of FIG. 14, and the
scanning voltage is applied. On the other hand, the data wir-
ing DL is also formed with a low-resistant metal layer. A data
voltage for video is applied to the data wiring DL.

When a gate-on voltage is supplied to the gate wiring GL,
the resistance of the semiconductor layer SEM of the thin film
transistor is lowered. Thus, the voltage of the data wiring DL,
is transmitted to the source electrode SM formed with the
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low-resistant metal layer, and is transmitted to the transparent
pixel electrode PIT connected through this and the pixel
electrode contact hole CONT.

The common voltage that is another voltage applied to the
liquid crystal layer is transmitted from the common drive
electrode drive circuit 103 of FIG. 14 to the common elec-
trode wiring MSL, and is further applied to the transparent
common electrode CT through a common electrode contact
hole CCONT formed at an insulating film. The transparent
pixel electrode PIT includes an electrode portion having a
predetermined width and a slit (aperture portion) within a
planar region. In the slit, the electric field of the transparent
pixel electrode PIT is applied from the upper surface for the
liquid crystal driving to the liquid crystal layer, and this
electric field reaches the transparent common electrode CT
through the liquid crystal and the insulting film to produce a
display.

As in the first embodiment, two contact holes are provided
within the organic film contact hole OCONT. However, the
second embodiment differs from the first embodiment in that
one of these contact holes is the pixel electrode contact hole
CONT connecting the source electrode SM and the transpar-
ent pixel electrode PIT and the other is the common electrode
contact hole CCONT connecting the common electrode wir-
ing MSL and the transparent common electrode CT.

The pixel electrode contact hole CONT and the common
electrode contact hole CCONT that are these two contact
holes are provided within the one organic film contact hole
OCONT, and thus even when the organic film contact hole
OCONT is used in which it is impossible to perform minute
dimension processing and hence the aperture portion is
increased in size, it is possible to enhance the aperture ratio.

The transparent common electrode CT is formed in the
pixel region DIA over a plurality of pixels. The organic film
contact hole OCONT described above is shared, and thus it is
possible to enhance the aperture ratio and to supply a display
device LCD that is bright and has low power consumption.

FIG. 16 is a diagram showing an example of a cross-
sectional view taken along line XVI-XVI of FIG. 15. The
cross-sectional view corresponds to the adjacent two pixel
regions. Specifically, the structure of a route is shown in
which, in one of the pixel regions, when a data potential is
supplied from the data wiring DL and an on-voltage is applied
to the gate wiring GL, the resistance of the semiconductor
layers SEM is lowered, and this is transmitted from the source
electrode SM to the transparent pixel electrode PIT and is
accumulated in the retention capacity STG and the capacity
of the liquid crystal layer L.C. In the other pixel region, the
structure of a route is shown in which the common electrode
wiring MSL and the transparent common electrode CT are
connected.

The pixel electrode contact hole CONT connecting the
source electrode SM and the transparent pixel electrode PIT
and the common electrode contact hole CCONT connecting
the common electrode wiring MSL and the transparent com-
mon electrode CT in the adjacent pixel are formed within the
organic film contact hole OCONT formed at the outside
thereof. The pixel electrode contact hole CONT and the com-
mon electrode contact hole CCONT are formed in, for
example, the stacked film of the protective film PAS formed
with a thin silicon nitride and the upper insulting film UINS or
the stacked layer of the protective film PAS and the gate
insulting film GSN. As described above, the pixel electrode
contact hole CONT can be processed to be narrow and have
small dimensions.

On the other hand, as described above, the organic film
contact hole OCONT is formed at the organic protective film
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OPAS of the thick photosensitive resist. As described above,
since the organic film contact hole OCONT cannot be pro-
cessed so as to have small dimensions, the organic film con-
tact hole OCONT is formed into one so as to surround the two
small pixel electrode contact holes CONT. Thus, it is possible
to perform the arrangement without loss of the aperture ratio.

A method of manufacturing the display device according to
the present embodiment will now be described. FIGS. 17 to
24 are diagrams for illustrating the method of manufacturing
the display device according to the present embodiment.
FIGS. 17A to 24 A correspond to the steps of the plan view of
FIG. 15, and FIGS. 17B to 24B show the corresponding
cross-sectional views of FIGS. 17A to 24A. Specifically,
FIGS. 17B to 24B show the steps of manufacturing the thin
film transistor TFT formed on the first substrate SUB1, the
wiring region and the aperture portion. The individual figures
are basically shown per photo (exposure)-processing step in
the TFT step described above. However, since the fourth
photo-step is complicated, it is divided into two and is shown
in FIGS. 20 and 21.

FIG. 17 A shows a plan view of the pixel shown in FIG. 15
after the completion of the first photo-step of the thin film
transistor TFT, and FIG. 17B shows a cross-sectional view
taken along line VII-VII of FIG. 17A. As shown in FIGS. 17A
and 17B, the gate wiring GL is formed into a film by sputter-
ing on the first substrate, and is patterned in the first photo-
step. The gate wiring GL is a stacked film in which, for
example, molybdenum Mo is formed into a film on the upper
surface of the copper of a thickness of 100 nm to 300 nm. As
the wiring material, for example, not only copper Cu but also
a stacked film of molybdenum Mo and aluminum Al, a
stacked film of titanium Ti and aluminum Al, an alloy MoW
of molybdenum Mo and tungsten or the like can be used. On
the other hand, the common electrode wiring MSL is pro-
cessed in the same step with the same metallic material as the
gate wiring GL.

FIGS. 18A and 18B show a plan view and a cross-sectional
view when the second photo-step is completed. As shown in
FIGS. 18A and 18B, for example, on the gate wiring GL, the
gate insulting film GSN of silicon nitride and the semicon-
ductor layer SEM of amorphous silicon are stacked in layers
by CVD. Here, the thickness of the gate insulting film GSN
and the semiconductor layer SEM are, for example, about 400
nm and 200 nm, respectively. Then, a photoresist is formed
from the upper portion of the CVD film described above,
exposure is performed with a photo mask and thus the region
of the semiconductor layer SEM is formed.

FIGS. 19A and 19B show a plan view and a cross-sectional
view when the third photo-step is completed. As shown in
FIGS. 19A and 19B, for example, on the upper portion of the
semiconductor layer SEM, a stacked film of molybdenum Mo
and copper Cu is formed by sputtering into a film. Here, as the
material of the stacked film, for example, similar to the mate-
rial of the gate wiring GL, a three-layer film of molybdenum
Mo, aluminum Al and molybdenum Mo, a stacked film of
titanium Ti and aluminum Al, an MoW alloy or the like can be
used. Then, this is processed by the photo-step, and thus the
regions of the data wiring DL and the source electrode SM are
formed.

FIGS.20A and 20B and 21 A and 21B show plan views and
cross-sectional views when the fourth photo-step is com-
pleted. Since this step is complicated, the plan view and the
cross-sectional view in the middle of the step are shown in
FIG. 20, and the plan view and the cross-sectional view after
the completion of the step are shown in FIG. 21.

As shown in FIGS. 20A and 20B, on the data wiring DL
and the source electrode SM, the protective film PAS is
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formed by CVD, and then the organic protective film OPAS of
photosensitive acrylic is coated. Here, the protective film PAS
is formed of, for example, silicon nitride, and its thickness is,
for example, 200 to 400 nm. Since the material of the photo-
sensitive acrylic itself can be used as the photoresist in the
photo-step.

Here, as the photo mask, a photo mask using a halftone is
used. In other words, since in the portion of the common
electrode contacthole CCONT, there is no light shielding film
in the photo mask, it is possible to remove the organic pro-
tective film OPAS of the photosensitive acrylic material with
development processing. On the other hand, as compared
with the organic protective film OPAS of the portion of
CCONT, the organic protective film OPAS of a portion
HPHOT where a light shielding film exists as the photo mask
has a thicker film even after the development processing.

Within the aperture region of the organic protective film
OPAS, a region to be exposed using a metallic film obtained
by reducing the light shielding effect of the photo mask is
formed. Hence, in this region width HPHOT, the photosensi-
tive acrylic is slightly exposed, and the organic protective film
OPAS is developed from the upper portion and remains as the
thin organic protective film OPAS.

The development processing of the halftone exposure as
described above is performed, and dry etching is further per-
formed using this organic protective film OPAS as the resist.
In this way, the protective film PAS and the gate insulting film
GSN are processed and removed, and thus the common elec-
trode contact hole CCONT is formed.

Then, as shown in FIGS. 21A and 21B, asking processing
is performed to cut the organic protective film OPAS so as to
be thin. With this processing, the organic protective film
OPAS of the region HPHOT that is formed to be thin by the
halfexposure is removed. As found from FIGS. 21A and 21B,
within the organic film contact hole OCONT, the region
where the thin organic protective film OPAS is left is
removed.

FIGS. 22 A and 22B show a plan view and a cross-sectional
view when the fifth photo-step is completed. As shown in
FIGS. 22A and 22B, in order to form the transparent common
electrode CT, the third transparent electrode material of
indium-tin-oxide that is a transparent electrode material is
formed into a film. Through the photo-etching step, the trans-
parent common electrode CT is formed on the common elec-
trode contact hole CCONT formed on the organic protective
film OPAS and the common electrode wiring MSL. In this
way, the transparent common electrode CT and the common
electrode wiring MSL are connected, the resistance of the
transparent common electrode CT is reduced and thus it is
possible to realize satisfactory image quality without any
wiring delay even in a large screen.

FIGS. 23 A and 23B show a plan view and a cross-sectional
view when the sixth photo-step is completed. As shown in
FIGS. 23A and 23B, the upper insulting film UINS is formed
on the transparent common electrode CT by CVD. Then, the
pixel electrode contact hole CONT is formed on the protec-
tive film PAS and the upper insulting film. UINS. Specifically,
the pixel electrode contact hole CONT is formed by subject-
ing the insulting film where the protective film PAS on the
source electrode SM and the upper insulting film UINS are
stacked in layers to the photo-step and the dry etching step.

FIGS. 24 A and 24B show a plan view and a cross-sectional
view when the seventh photo-step is completed. As shown in
FIGS. 24A and 24B, an indium-tin-oxide ITO1 that is the
material of the transparent pixel electrode PIT is formed into
a film, and then, the transparent pixel electrode PIT is formed
by photo-etching. Here, the pixel electrode contact hole
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CONT that is the aperture portion connecting the transparent
pixel electrode PIT and the source electrode SM is formed
within the organic film contact hole OCONT of the organic
protective film OPAS. As described above, the pixel electrode
contact hole CONT and the common electrode contact hole
CCONT are formed within the organic film contact hole
OCONT, and thus the aperture ratio is enhanced.

As described above, it is possible to form the display device
of'the present embodiment. In the above description, only the

steps of manufacturing the so-called TFT substrate (the sec- 1

ond substrate SUB2) are discussed, and since the steps of
manufacturing the color filter substrate (the first substrate
SUB1) and the like are known, their description are omitted.
The present invention is not limited to the first and second
embodiments described above, and may be replaced with the
substantially same configuration as those described in the first
and second embodiments, a configuration having the same
effect of operation or a configuration that can achieve the
same object. A first protective film and a second protective
film as recited in the claims may correspond to, for example,
the protective film PAS and the organic protective film OPAS,
respectively. An insulting film as recited in claims may cor-
responds to, for example, the upper insulting film. UINS.
Furthermore, a first contact hole as recited in the claims may
corresponds to, for example, the organic film contact hole
OCONT inthe first and second embodiments, and second and
third contact holes may correspond to, for example, the two
pixel electrode contact holes CONT in the first embodiment
or the pixel electrode contact hole CONT and the common
electrode contact hole CCONT in the second embodiment.

What is claimed is:
1. A display device comprising a plurality of pixels
arranged in a matrix, each of the plurality of pixels including:
a transistor; and
a pixel electrode arranged above the transistor through a
first protective film and a second protective film,

wherein among the plurality of pixels, the pixel electrodes
of two pixels adjacent in a column direction are con-
nected to corresponding source electrodes of the two
pixels through second and third contact holes respec-
tively, and

wherein the second and third contact holes are formed in

the first protective film within a first contact hole that is
formed in the second protective film.

2. The display device of claim 1, wherein the first protec-
tive film is an inorganic insulting film, and the second pro-
tective film is an organic insulting film.

3. The display device of claim 1, further comprising:

aplurality of gate wirings arranged in a row direction of the

plurality of pixels; and

aplurality of data wirings arranged in the column direction

of the plurality of pixels,

wherein the plurality of gate wirings are arranged in adja-

cent pairings in the column direction, with each set of
adjacent pairings spaced further apart than a distance
between the gate wirings of a given pairing.
4. The display device of claim 1, wherein among the plu-
rality of pixels, the transistors adjacent in the column direc-
tion are staggered in the row direction.
5. A display device comprising:
a transistor;
a common electrode arranged above the transistor through
a first protective film and a second protective film;

apixel electrode stacked on the common electrode through
an insulting film and being opposite to the common
electrode; and
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acommon electrode wiring connected to the common elec-
trode through the first protective film and the second
protective film,

wherein the pixel electrode and the common electrode are

connected to a source electrode of the transistor and the
common electrode wiring through second and third con-
tact holes respectively, and

wherein the second and third contact holes are formed in

the first protective film and are positioned within a first
contact hole that is formed in the second protective film.

6. The display device of claim 5, wherein the first protec-
tive film is an inorganic insulting film, and the second pro-
tective film is an organic insulting film.

7. The display device of claim 5, wherein the common
electrode wiring is formed in the same layer as a gate elec-
trode of the transistor.

8. The display device of claim 5, further comprising:

a gate insulting film formed on the gate electrode and the

common electrode,

wherein the second contact hole is formed in the first pro-

tective film and the gate insulting film, and

wherein the common electrode is connected to the com-

mon electrode wiring through the second contact hole.

9. The display device of claim 5, wherein the third contact
hole is formed in the first protective film and the insulting
film, and

wherein the pixel electrode is connected to the source

electrode of the transistor through the third contact hole.

10. A method of manufacturing a display device, compris-
ing:

forming a gate wiring on a substrate;

forming a gate insulting film on the substrate on which the

gate wiring is formed;

forming at least two adjacent transistors on the gate insult-

ing film;

forming a protective film and an organic protective film in

this order on the gate insulting film on which the two
transistors are formed;

forming a first contact hole in the organic protective film;

forming a common electrode on the organic protective

film;
forming an upper insulting film on a region in which the
first contact hole is formed and the common electrode;

forming second and third contact holes in the protective
film and the upper insulting film within the first contact
hole, which are positioned above source electrodes of
the two transistors; and

forming a pixel electrode on the upper insulting film con-

figured to cover the second and third contact holes and to
be opposed to the common electrode.

11. A method of manufacturing a display device, compris-
ing:

forming a gate wiring and a common electrode wiring on a

substrate;

forming a gate insulting film on the substrate on which the

gate wiring is formed;

forming a transistor on the gate insulting film;

forming a protective film and an organic protective film in

this order on the gate insulting film on which the tran-
sistor is formed;

forming a first contact hole by removing an upper portion

of the organic protective film;

forming a second contact hole in the protective film and the

gate insulting film, which is positioned above the com-
mon electrode wiring within a region in which the first
contact hole is formed;
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forming a common electrode on the second contact hole
and the organic protective film;
forming an upper insulting film at the region in which the
first contact hole is formed and above the common elec-
trode;
forming a third contact hole in the upper insulting film and
the protective film, which is formed above a source
electrode ofthe transistor positioned within the region in
which the first contact hole is formed; and
forming a pixel electrode on the upper insulting film con-
figured to cover the third contact hole and to be directed
to the common electrode.
12. The method of manufacturing a display device of claim
11,
wherein the first contact hole and the second contact hole
are formed by a halftone exposure in the same step.
13. The display device of claim 3, wherein the two pixels
adjacent in the column direction are formed between two sets
of the gate wirings of the given pairing.
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14. The display device of claim 3, wherein the second and 20

third contact holes are formed between the gate wirings of the
given pairing.
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